Background-In Italy, respiratory intensive care units (RICUs) provide an intermediate level of care between the intensive care unit (ICU) and the general ward for patients with single organ respiratory failure. Because of the lack of oYcial epidemiological data in these units, a two phase study was performed with the aim of describing the work profile in Italian RICUs. Methods-A national survey of RICUs was conducted from January to March 1997 using a questionnaire which comprised over 30 items regarding location, models of service provision, staV, and equipment. The following criteria were necessary for inclusion of a unit in the survey: (1) a nurse to patient ratio ranging from 1:2.5 to 1:4 per shift; (2) availability of adequate continuous non-invasive monitoring; (3) expertise for non-invasive ventilation (NIV) and for intubation in case of NIV failure; (4) physician availability 24 hours a day. Between November 1997 and January 1998 a 3 month prospective cohort study was performed to survey the patient population admitted to the RICUs. Results-Twenty six RICUs were included in the study: four were located in rehabilitation centres and 22 in general hospitals. In most, the reported nurse to patient ratio ranged from 1:2 to 1:3, with 36% of units reporting a ratio of 1:4 per shift. During the study period 756 consecutive patients of mean (SD) age 68 (12) years were admitted to the 26 RICUs. The highest proportion (47%) were admitted from emergency departments, 19% from other medical wards, 18% were transferred from the ICU, 13% from specialist respiratory wards, and 2% were transferred following surgery. All but 32 had respiratory failure on admission. The reasons for admission to the RICU were: monitoring for expected clinical instability (n=221), mechanical ventilation (n=473), and weaning (n=59); 586 patients needed mechanical ventilation during their stay in the RICU, 425 were treated with noninvasive techniques as a first line of treatment (374 by non-invasive positive pressure, 51 by iron lung), and 161 underwent invasive mechanical ventilation (63 intubated, 98 tracheostomies). All but 48 patients had chronic respiratory disease, mainly chronic obstructive pulmonary disease (COPD; n=451). More than 70% of patients (n=228) had comorbidity, mainly consisting of heart disorders. The median APACHE II score was 18 (range 1-43). The predicted inpatient mortality risk rate according to the APACHE II equation was 22.1% while the actual inpatient mortality rate was 16%. The mean length of stay in the RICU was 12 (11) days. The outcome in most patients (79.2%) admitted to RICUs was favourable. Conclusions-Italian RICUs are specialised units mainly devoted to the monitoring and treatment of acute on chronic respiratory failure by non-invasive ventilation, but also to weaning from invasive mechanical ventilation. The results of this study provide a useful insight into an increasingly important field of respiratory medicine.
Unlike the situation in North America, respiratory physicians in Italy and in most other European countries have not been involved in critical care medicine until recently. 1 In the USA respiratory specialists have been running respiratory intensive care units (RICUs) since the 1960s 2 and, since the late 1980s, noninvasive respiratory care units (NRCUs) and high dependency units (HDUs). 3 4 The eVectiveness of these intermediate units, both in medical and economic terms, has already been described. 5 6 The experiences reported suggest that it is possible to provide eVective care for patients with acute on chronic respiratory failure and/or those requiring prolonged mechanical ventilation outside the general intensive care unit (ICU), and at a lower cost. In Europe respiratory care units have only been developed relatively recently, 7 but there has been a rapid increase in numbers in recent years. 8 European RICUs tend to serve as specialised single organ units at an intermediate level of care between the ICU and general ward, but their characteristics are not homogeneous.
There has been a growing interest in RICUs over the last 10 years in Italy and it is estimated that Italy is presently the European country with the largest number of units run by respiratory physicians. 8 The number of RICUs being opened up in respiratory departments has risen dramatically since the end of the 1980s when non-invasive mechanical ventilation and monitoring became popular. The Italian Association of Hospital Pulmonologists (AIPO) took the lead in this field by defining and establishing good practice in RICUs as "an area for the monitoring and treatment of patients with acute respiratory failure due to a primary respiratory cause and of patients with acute or chronic respiratory failure. Noninvasive monitoring techniques and noninvasive mechanical ventilation should be principally employed as first line of treatment; however, when mandatory, invasive techniques must be used." 9 Furthermore, the AIPO statement describes an RICU as having a nurse to patient ratio of 1:2.5-3 with specific respiratory facilities such as the ability to perform a tracheostomy. In 1988 the Italian NHS recommended a nurse to patient ratio of 1:4 for intermediate intensive care units but respiratory medicine was not among the specialties included. 10 Because of the lack of oYcial national data regarding the epidemiology of RICUs, the AIPO Respiratory Intensive Care Working Group conducted a two phase study aimed at describing the profile of RICUs in Italy including the number of units, their features, and the characteristics of patients admitted. This paper presents the results of that study.
Methods
A national survey of RICUs was conducted on behalf of the AIPO from January 1997 to March 1997. Between November 1997 and January 1998 a 3 month prospective cohort study was performed to survey the patient population admitted to RICUs.
NATIONAL CENSUS OF RICUS
The names of the RICUs were collected on a regional basis from selected respiratory physicians involved in critical care medicine who contacted all the main hospitals in their region. These colleagues were chosen for their thorough knowledge of all the respiratory centres in their area. A questionnaire comprising more than 30 items was mailed to the centres identified. Three weeks were allowed for completion of the questionnaires and any point of ambiguity was clarified by a telephone survey. The total time taken for data collection was 8 weeks. In each centre the reference respiratory physician vouched for the accuracy of the collected data. To be included in the census a unit had to fulfil the following criteria: + a nurse to patient ratio of 1:2.5 to 1:4 per shift; + availability of adequate continuous noninvasive monitoring (minimum requirements ECG, oximetry (SaO 2 ), non-invasive blood pressure, and respiratory rate); + expertise in establishing and maintaining non-invasive ventilation (NIV); + facilities and expert personnel to establish urgent endotracheal intubation should NIV fail; + resident medical staV available 24 hours a day.
COHORT STUDY
The RICUs identified were asked to recruit consecutive patients seen over the same 3 month period into the study. Single patient forms were distributed and completed by the physicians in charge of each RICU. Collection of data on admissions to the RICUs began on 1 November 1997 and was completed on 31 January 1998. The cases recruited made up a cohort of patients who were followed prospectively during their stay in the RICU, thus providing a description of the procedures and interventions each patient underwent and the final outcome. The information regarding each patient comprised: demographics and anthropometrics, reason for admission, location of patient before admission, diagnostic profiles, coexisting chronic diseases, respiratory parameters on admission, patient's overall severity by APACHE II score, 11 treatment given during stay in RICU, patient outcome, and duration of stay in RICU and in hospital. The patient data collected were anonymous to ensure ethical approval for the study. The Acute Physiology Score (APS), a component of the full APACHE II score, was determined from the worst physiological values during the initial 24 hours after admission to the RICU. The total APACHE II score was calculated by adding the patient's age and comorbidity score to the APS. 11 The method described by Knaus et al 11 was used to compute the predicted risk of hospital mortality for each patient.
Results

NATIONAL CENSUS OF RICUS
All the centres returned fully completed questionnaires. Of the 33 centres studied, 26 were identified which fulfilled all five inclusion criteria (four in pulmonary rehabilitation centres and 22 in general hospitals). Geographical distribution was uneven with 61.5%, 19%, and 15% being situated in the north, centre and south of Italy, respectively. The total number of beds was 155, ranging from three to nine beds per unit. Over half of the units (64%) reported a nurse to patient ratio ranging from 1:2 to 1:3, while 36% of units reported a ratio of 1:4 per shift. Over half (65%) were located within a respiratory department so that staV could be used more flexibly when patients admitted to the RICU needed more care. There was at least one doctor on duty during the day and one on call at night. The mean medical doctor to patient ratio was 1:9 in 80% of RICUs. All 26 RICUs were equipped for non-invasive monitoring (at least continuous ECG tracing, blood pressure, and SaO 2 ) and mechanical ventilation (at least one ICU/life support ventilator in 24 units), but only in two RICUs was it possible to perform invasive haemodynamic monitoring. Endotracheal intubation was possible in all 26 units if NIV failed, but mechanical ventilation in intubated patients with single organ failure was available only in 16 units. In the remaining units mechanical ventilation in intubated patients was performed in an adjacent ICU.
COHORT STUDY All RICUs which participated in the study provided data about patient admission. During the 3 month study period 756 patients (480 men, 276 women) of mean (SD) age 68 (12) years (30% aged over 75) were admitted to the 26 RICUs. Enrollment was evenly distributed throughout the 3 months (267, 230, and 259 patients, respectively) and ranged from 5 to 25 patients per month per RICU; 356 of the 756 patients (47%) were transferred from an emergency department, 13% (102 patients) from a respiratory ward, 18% (134 patients) from a general ICU, 19% (147 patients) from other medical wards, while 2% (17 patients) were postoperative patients. Table 1 summarises the characteristics of the patients.
On admission all but 32 of the 756 patients had acute respiratory failure as assessed by arterial blood gas analysis. The reasons for admission to the RICU were monitoring for clinical instability (29%), need for non-invasive or mechanical ventilation (63%), and diYculty in weaning from mechanical ventilation (8%). A total of 451 (59.6%) had chronic obstructive pulmonary disease (COPD) and only 48 patients (6%) were not suVering from a chronic respiratory disease; 542 (72%) presented with at least one comorbid condition on admission, most commonly cardiac disease (n=228). Tables 2 and 3 show the spectrum of respiratory chronic diseases and nonrespiratory comorbid conditions in the patients.
The median APACHE II score was 18 (range 1-43). Figure 1 shows the distribution of APACHE II scores according to survival or death in hospital. Invasive monitoring procedures (insertion of a central venous line and pulmonary artery catheterisation) were performed in 21.4% and 6.3% of cases, respectively; supplemental enteral and/or parenteral nutrition was provided in 15.2% of patients. There were 586 patients who needed mechanical ventilation during their stay in the RICU; 425 were treated with non-invasive techniques as first line treatment (374 non-invasive positive pressure, 51 iron lung), while the remaining 161 patients underwent invasive mechanical ventilation (63 intubated, 98 tracheostomies). In 127 patients NIV was the only weaning method used. Recent tracheostomy was closed in the RICU in 29 out of 64 patients. The outcome was favourable in most of the cases who survived (79.2%; table 4). The predicted in-hospital mortality risk rate according to the APACHE II equation 11 was 22.1% in our study population. During the RICU stay 30% of patients suVered from major complications (table 5). Figure 2 shows the outcome for the subgroup of patients admitted to the RICU for weaning from mechanical ventilation. The mean length of stay in the RICU was 12 (11) days, with more than 35% of patients being discharged within one week and 18% dying in hospital. The diVerence in length of stay was related to the reason for admission: 10 days for patients admitted for monitoring purposes, 12 days for those who needed mechanical ventilation, and 21.3 days for patients with diYculty in weaning. Of the patients who survived, 58.8% were discharged home directly while 41% were transferred to the general ward before discharge.
Discussion
Although European respiratory physicians are taking an increasing interest in pulmonary critical care, there are very few data about the changing role of respiratory medicine in Europe. In particular, the rising number of RICUs in some European countries such as Italy testifies to the increasing importance of intensive care in European respiratory medicine. 8 The main objective of this study was to establish the prevalence of RICUs in Italy and to provide a detailed description of the type of patient generally admitted.
The RICU is typically created within specialised respiratory departments and is run by respiratory physicians, sometimes in collaboration with specialised intensive care practitioners. 9 In France respiratory units are organised into three diVerent levels of care, 12 which vary from intermediate non-invasive monitoring units providing only non-invasive monitoring 13 to specialised units which are very similar to the medical ICU.
14 Unlike France, however, in Italy there is no formal classification of levels of care. It should be pointed out that the AIPO statement recommended a nurse to patient ratio higher than the one considered suYcient by the Italian law for an intermediate intensive care unit (1:4). It is therefore possible to distinguish at least two diVerent types of units with diVerent levels of care, depending on the nurse to patient ratio. In AIPO terms only 16 of the units studied can be defined as RICUs while the 10 units with a nurse to patient ratio of 1:4 should be considered as NRCUs or noninvasive respiratory units. 3 8 In these NRCUs it is possible to manage airways with endotracheal intubation but, if invasive mechanical ventilation is required, the intubated patient is transferred to an adjacent general intensive care unit. However, all Italian units prefer to provide patients with non-invasive mechanical ventilation and monitoring.
The number of units has grown in the last 10 years as a result of increasing interest by Italian respiratory physicians in non-invasive mechanical ventilation and intensive care, and the availability of non-invasive monitoring devices. 15 Given that general ICUs are very expensive resources, a graded care option ranging from the general ward to the ICU could provide a rational answer to the care requirements of many patients, especially for those with an acute exacerbation of a chronic respiratory disease. 5 In fact, Italian RICUs may function not only as a buVer between the ICU and the conventional ward, but also as a place for treating certain forms of acute respiratory failure, particularly acute or chronic respiratory failure resulting from an exacerbation of COPD. Patients with acute on chronic respiratory failure who need mechanical ventilation may undergo a prolonged stay in the ICU, not only for the disease underlying the respiratory failure but also for ICU related complications. [16] [17] [18] Furthermore, the presence of an RICU in a general hospital allows patients to be admitted for monitoring purposes, thus increasing bed availability in the traditional ICU where some patients do not actually need active intensive care. At the same time, the availability of RICU beds makes it possible to avoid providing a lower level of care on a general ward to patients judged unsuitable for ICU admission.
A prospective study performed at Nottingham City Hospital showed an improved outcome of patients admitted to a thoracic HDU compared with patients who fulfilled the criteria for HDU admission but who were managed in the general ward. 19 Although we did not perform a cost analysis, it seems reasonable to assume that some of the patients admitted to the RICU avoided admission to an ICU, and this clearly has potential implications for saving costs. Byrick et al 6 found that closure of an intermediate ICU in a general hospital increased non-emergency admissions to the ICU from 18% to 27%, and that the severity of illness score in the patients admitted to the ICU decreased, showing that an increased number of less critical patients were treated at a higher cost. Elpern et al 5 reported a pro capita decrease in daily costs of almost $2000 associated with the transfer of ventilated patients from an ICU to an RICU. The present study shows that another important function of Italian RICUs, particularly those situated in rehabilitation centres, is the admission of patients who failed to be weaned oV mechanical ventilation in general ICUs, thus contributing to further ICU bed availability. Experience with specialised units for long term ventilated patients in the USA has shown that these units are an eVective and cost saving alternative to the ICU for selected patients. 20 21 Patients admitted to Italian RICUs with a primary indication of weaning from mechanical ventilation achieved rates of complete ventilator independence similar to those reported in larger North American series. [20] [21] [22] [23] However, a comparison of the outcome of patients admitted to the RICU directly from the emergency room or the general ward with acute respiratory failure with that of other cohorts of patients is diYcult as there are few published data.
Most reports on the outcome of patients with acute respiratory failure refer to general HDUs or ICUs, but patients in Italian RICUs are not entirely comparable with those in a general HDU or ICU. Nevertheless, the decision to intubate and invasively ventilate patients with COPD might influence certain outcomes such as the severity of illness score. 24 25 A UK survey on the outcome of patients with COPD admitted to the ICU for invasive mechanical ventilation (mean APACHE II score 16.5) showed a very poor inpatient survival rate (49%) and the quality of life of most of the patients deteriorated after discharge from hospital. 26 Another recent UK study reported a better outcome for patients with COPD treated with NIV in a ward setting, but only among the less severe cases. 27 Sun et al 28 reported a mortality rate in 733 patients with acute respiratory failure associated with COPD (55% of whom underwent mechanical ventilation) of 32.7% among inpatients and 18.6% in those in the ICU. Portier et al 29 reported a short term survival rate of 86% in a patient population aVected by acute or chronic respiratory failure (45% COPD) followed up 1 month after discharge from the ICU, but only 52% required mechanical ventilation.
On the whole, the outcome of patients treated in Italian RICUs can be considered very satisfactory. Survival at discharge from hospital was nearly 85% compared with a mean predicted mortality rate of about 20% according to the APACHE II score on admission to the RICU. We postulate that routine use of non-invasive mechanical ventilation and monitoring in Italian RICUs might have had a favourable influence on the outcome of these patients. In conclusion, the data presented here provide some interesting insights into a rapidly expanding field of respiratory medicine.
Appendix 1: Census questionnaire items
STRUCTURAL DESCRIPTION OF RICU
+ address of the RICU + name of the RICU responsible + type of hospital (general hospital, rehabilitation centre, university hospital) + regional acknowledgement + institution by the local hospital authority + location of RICU (inside respiratory department, autonomous) + type and number of beds + closeness to an ICU + criteria for admission to RICU + average number of patients admitted in 1 year.
FACILITIES AVAILABLE IN THE RICU
+ monitoring systems (invasive, non-invasive) + ventilators (ICU ventilators, home positive pressure ventilators, iron lung) + facilities for monitoring respiratory mechanics + facilities for urgent endotracheal intubation readily available with ready access to invasive ventilation (which often means transfer to an ICU) should NIV fail + availability of invasive haemodynamic monitoring + expertise in establishing and maintaining noninvasive ventilation.
STAFF INFORMATION
+ number of nurses for shift + medical staV (number, type of specialisation, presence on duty: present 24 hours a day or present during the day and on call by night) + respiratory therapist staV + presence of a medical coordinator.
